We detected a molybdenum (Mo) deep-level in the epitaxial layer of as-grown p/p+ epitaxial wafers from three vendors. The Mo deep-levels vary with vendor in concentration from 3.0 x 1011 to 1.5 x 1012 ch-3, and reduce the minority-carier recombination lifetime in the epitaxial layer. We found that Mo impurities are not gettered in the heavily boron-doped p* substrate, unlike 3d-transition metals such as Fe.
It is well known that silicon epitaxial wafers with low-resistivity substrates reduce latch-up in CMOS-LSI's. So, the wafers have received much attention in applications for high performance CMOS-LSI's. Structural defects in the epitaxial wafers, such as stacking faults, dislocation, and S-pits, have been previously investigated,l'2) but electrically-active centers have rarely been studied.
In this work, we characterized electrically-active centers in the as-grown epitaxial wafers from three vendors using DLTS, and identified Mo as the deep-level defect.
It is important to reduce the heavy-metal impurities in the epitaxial layer to prevent fluctuations in device characteristics. Some gettering methods for epitaxial wafers have been reported.2'3)
Recently, D. Gilles et al. reported that the solubility of Fe, Co, and Mn in heavy boron-doped silicon crystals is much larger than that in normal boron-doped silicon crystals.a) We reported the gettering effect of p* substrate for Fe impurities in plp* epitaxial wafers without misfit dislocations near the epi/sub interface and oxygen precipitates inside the p+ substrate.S) So, we examined the gettering effect of p* substrate for Mo impurities which already exist in the as-grown epitaxial layer.
Experiments
The sample epitaxial wafers from three PD-3-2 vendors have a l0pm-thick epitaxial layer on heavily boron-doped substrates. The resistivity of the epitaxial layer was l0f,lcm, and that of the substrates was 0.01-0.020cm. We also used bulk wafers, for reference, which were Czochralski (CZ) grown, boron-doped, and 100cm.
For DUIS measurements, an Al Schottky contact was evaporated at the surface of the wafers. Ga was rubbed on the back surface to produce an ohmic contact. The reverse bias was 5 V and injection pulse width, I ms. To measure the minority-carrier recombination lifetime in the epitaxial layer, we used the photoconductivity decay methd (EPITECH-3001 Semitex Co.Ltd. ). The effective lifetime is the time required to decay from Lle to ll&.
To study the gettering of Mo in NH4OH-\Oz-\O mixture containing 100 ppb Fe. The annealing sequence is shown in Figure 1 .
We annealed the sample wafers at 1000 C for one hour in nitrogen (Nz) to diffuse the Fe and the Mo which existed already in the asgrown epitaxial layer. The annealing was followed by quenching in boiling water to freeze the state of the Fe and Mo. We subsequently annealed the sample wafers at 1000C for one hour in N2, then did a final ramp-down anneal to increase the gettering.s) The ramp-down rate is 4 C/min. After each annealing, wo measured the change in the Mo and Fe concentration near the surface using DL[S.
Results and Discussion
All epitaxial wafers had the same DLTS spectra ( In contrast, no deep-level was observed in the CZ wafer. So, this deep-level is characteristic of ttre epitaxial wafers from the three vendors, and is not caused by contamination during the Schottky diode fabrication process. The variation of the emission rate of this deep-level with temperature is shown in Figure 3 shortens the effective lifetime. This suggests that we need to remove the Mo impurities to increase the carier lifetime in the epitanial layer. Figure 5 shows the Mo and Fe concentration in the epitaxial wafer for each annealing stage.
After the first 1000C anneal, the Fe concentration in the CZ wafer is 2.0 x 1014 cm-3, and corresponds The 3d-transition metals in p-type silicon act as donor centers, resulting in solubility enhancement of the 3d-transition metals in heavy boron-doped silicon crystal due to the singly positive charge state and metal-boron pairs.a) However, Mo does not belong to 3d-transition metals. The fundamental properties of Mo in silicon, such as the charge state, are not clarified. We suggest that the Mo solubility in the p+ substrate is similar to that in the p epita,xial layer.
We also annealed the as-grown p/p+ epitaxial wafers from three vendors isothermally at 1000C in N, for 5 hours to confirm the behavior of the Mo. We measured the change in the concentration As-grown First loooc anneal
